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SL°\]^.r]<$ w]e a] jr ^ JL4r ^feHl W ^1 ^ ^{A fast 

fourier transforming apparatus and A method for compensating OFDM output bit signal} 

5L la lb^ ^2fl 41 S iL#* ^tr "o^* 51*1 

51 2^ ^- ^r^ofl tc)-^- ^.ofl nti)^ ^ a] e i^-* JL^ ^ 

^11- £Altr «51. 

51 3^r 51 2^1 ^Tfl^ ^B] 4^ 51*1 ^^51. 

51 4^r 51 2^1 4H1§1 ^ 1-^-51. 

£ 5tt 3E. 4^ ^1/^ 4d^-*MI tfl3r ^1/^ ^bh J^-g- £A]tr -SS-^-S. 
51 6^ 51 4^1 Tfl^ ^#^1 tfl^ Tfl^ 51^1 *V #S-f51. 

51 7^ 51 4^1 ^#-^-011 ^ *fl/^ 34^^- £Altr #S-fSL. 

51 8^: £ 4£) H] e tfltr tils a] jr 1^ 4^^- 51^ #^-f51. 

*51^£l ^ -f-^-o)] cfltr ^-SSl ^* 



31 : ^1H- 



33 : ^ wl3t|^. 



35 : *H 



37 : 



39 : 



41 : 7>&H^ 



43 : M-Mt^r 



45 : #^ tH^- 



51 : *fl/^ *i^- 



53 : 31^ ^ri 
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55 : *)1 2^4Hf 57 : *fl/^ ^>#^ 

58 : aim iLtf^ 59 : 7Rpf 

tflolBl ^ -S-^tb #^ tflolBl ^#*>7l ^tb -2.^1^^^ #^ «1M ^IJi 
<18> ^.^1S.t^<S(0FDM; Orthogonal Frequency Division Multiplexing) ^, ^ 

4^ ^ ^ ^m^Hi ^ ^h^-i- 

°11 ^^KlFFT; Inverse Fast Fourier Trans form) -§: ^*3tr ^ , ^llS cJ-a] ^^><^ ^ 

^1^.3. ^i^srl-^- ^S y 0 v ^] 
<19> _2.ofl^<g ^>0i=HM^- ^ <y^^ ^IJl-I- ^IJlS. 

°M ^12^ w]m #^5. -H^ #bH ^$KFFT;Fast 

Fourier Transform)^ 0 } € A J1S. ^^Xl ^tf. 
<20> <^7l>H, ^bH ^«r# ^r^r 31 # }feW #2K*l;5=AlWHfe- e fl^^ 

(radix) ^Jie|^# -§-tr ^^sH (butterfly) <3^r# tf^#e}oj ^ 

^-(^1^1)# -SHJSM) ^i=r. 
<2i> ^j-sg, H^^eM o§a>^ ell ^ -^Jis}^ n)-^ = (forward) ^ ^1^^ 
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(inverse) ^#^1 ^ ^> °<f^ <3^- ^ 5E*> ^>7ll , 

til ^Jl^l: ^3M*1 ^(n)^ al^l-efol ^1 ^tf. <^7H N 

£r Ai^s. rf|E^^.o] ^AHrH^i i^lE ^ojcf . 

<22> [^«Jv£| 1] 

1 ^ 

«=log 2 

^^^f. ^H^M, ^3 ^Isofl tfl*> ^ ^JL«- ^-^^>7l tH^S^l ^if-o]] 

<24> S. la ifl^l S. lbfe ^efl ^lS^l^ «lm iL^xr #711-1- S^ltt 

^1 i-Pf-ol ^ Ji^Rr ^* SL<^JI Sll 

vfl*l S20). °1^ wj-^^r iBflolx]7} #^nJKrf ufl »} v/2<£a}.0- ^^^ 7 ) nfl-g-ofl <£ 

-tf-^l #o r *l>fl s)^, <a?m ^1^1 tfltlr ^» Jl^^l -H^£ ^>7l 

<26> £ lbl" iEflol^ ^( n )^ ^B^#5}o] c^AVo] 
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v^o.^ ^o] 2*0] X\$_ ^s-^r SL#S}fe- ^cf(S21 ifl*l 

S27). °] ^ ^ <^3€ tfltb JLS^^l *>7] 

<27> ^-^11 ^«fl 31^1 , -H^r ^Bl^l ^ 

$ #*1^ °J 3 #<*H ^ 145} T^S}^ H]H ^ a. 7 ] 

» ^-§- f3$] St tflS. S^^r>7l ^ ^lSt^<g #^ HIM A]S iLtf-g- W Jl^ #5} 

[^tgo} ^ ^ *)-.§.] 
<28> #71^ ^*>7] 31*11 ^^1 iL«fl=^«g #^ HIM Ajjr 

-tf* W el oil ^1^^ hie /jit *1#sHr ^sj 

^l^Sl HIM *].g. vflJL ^ M-^^ *I*rSl # 

*]*Kr <u ^#^-m^-Bi <gs^ iTflU ^e^i cfl-§-si^ ^m 

31^* ¥3 n^m^H t^Kr i^l°^ ^m^- ^ #7i #7i + n 

^H-^H 4^ ^71 H]E-l^ol ^^«-S^-Ei og^^ tijj=l- 

#^*Rr ^^4. 

<29> o^7H iL^TT ^-71 ^H^o} i^ol^H^ t^E-ll-Ef-Ol «gXJ.£) 
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<H ^31°1*|<M xy^Q 5»Eis 14^0] 

a># ^ ^Efl ol^^5} 7}-£j=^ V]Mi5}a) ^ ^ajsH # 

^ <5>JE^- ^ ^7) 4 2^>^-S^ ^ I^JT, cgA}^- 

^- ^ >S-7l 2<a^s^-Bi <gs^ ^1 2 G ^. A> # ^ ^ ^^jl ^ 

(RH1 4^ 2fl/^ ##^-5.^ 3 <g§^ WIS* #^*Rr iL#^- ^ 

*li= Ji^sL^Ei t-flolEll- ^i+SH *M*Kr 7>^1- Xf-^H ^^4. 

^Hr ^ ^ ^r^Sf, <y^^ ^llf ^*)<3 i+t-«H #^*Rr *f| 1^ #3] 

:M WlM^ >8-7l <^ «l3E) ^7^1 el] 9^$. -MS^og ^sL 

2:*£*l-7l M-^^J 91^91 ^]9l s»e)1- ^>#*Kr 3# #31 «lM 

^B.-H1 tfl-g-3*r 7fl^» ^f^ ^M^M iTll^ 7>^S ^TilSf 

, #71 <^ ^3Sl ^7^1 tfl^l ^:7fl^ 7>^M ^-7fl# ^Ello]*l7> ^nfl^] 3X) = ^ 

§m ^^1; ^ ^"71 ^7fl<^ ^# ^4 ^-7] iTll^ 7>^M ^ **>^ 
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s^-sH 

<3i> o]f%, iJ-^oll nj-^- SL<*}vvl<$ w]e a} jr. n^-^- Jl 

<32> £ 2^ 4€- £.41 AlJl ^feHl ^ 

<33> S^-gr ^-^oil 14^. o_oil sr^^ #3 «]S ^]JL JL^ ^ 

bh m #*i*=- ^he^ h^(30), <a^^ fl^i^ ^u v *> 

^-¥-(33), ^#^0) <£xy^ ^fsfe t^^^l ^^^-(37)# ^w]*V jl^ 

##*H #3*Rr ^TflU ^#^-(39), ^#«(39)S^ 
^^H tfi-g-£|fe- Tjl^l- ^bSrHSH #^Hr 7]-^^ «.( 41)) 

^#^-(39)^ ^9]}°^ 7}*-EJf( 41 )6)j^ 3H1 ^ W^-t^M ^^-(37)5.-^ 

Hl-J=# a^SH #^*Hr ^-^(43)# iW<^ 
<34> ^ f <y*3 al2l«-(33)^ ^E^^ol ^^«.( 37 ) a>o]o]1 afj 1 o^a>«.(35) 1 . aj-o^} 

0} i?11<a ^#^-(39)^Ei ^» uL3j*M <£<0--g- 

*r ^ H l — & ^1^1 tfl^r ^1°^ M-Y^ 

^V#^ Htt #3^H #3 ^-(45)1- A ^°\A 

B^^o] ^^^-(37)S-^-Ei ^H, w^(30)« cfl 

ojE-]^ jr^o. *flo^ ^ 01^ ^H-f (31)« <3^H tHEil-^o] <£Xyo) ^Eflo] 
*] *HnH £^ ofl*|-*l #^ t^s) w.(45)°l] ^ ^ ^^^-(33)^ 3i]^^ 
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^IJ^r Ji^(43H #^^>£^- ^cf. 
<35> ol§> ig-^oll ^1S^<S #^ «1S ^IJl ^tb -H^ ^r^H ^ 

<36> ^-^o] ^X|o}H^ efl^-2(radix-2) <£jls)^ ttj-e^- ^e^#^o] <£^>-i- ^ 

*S)S>:£.^-Sl-jl ^<^«-(3i)6ll o^^><^ ij| a] (33) oil 8w1h^i cj^d = 8 bit )§]. £ ^. 

«H ^1^ ^#-^(39)2] «1M ^^1- 12W1MS. ^^*>H^- 

<37> £ 3f £ 22] ^#^-(39)^1 cfl*}- ^ £^1 

^3)^.(33)^ ^s.^ wis stcn-i- ^^^q-(s3D. q-^-^-s ^e^^ 

°1 <£#^ 41 :M #(VoH tfltb €*fl*SKlVol)°l 1024 °1# £1*1-1- ^W(S32). 

1024 ^?\}<£ 3#Jf(39W 2\n £.sftS.€\<$ «1M ^Is^l «1-g- ^ 

31& ^flS 3i^}7) "SH 1 *! ^Bi(S f )» 43. -g^W(S33). ^ ^ 

tfl3KIVol)°l- 1024 ^3t<>1 ^ 512 ^^(334). ^ 512 ol^l^ i?)!^ 

^sl(S f )l- 23. ^^(S35)^>J1 512 T^olig IS. ^ tM=KS36) . 0}%?]} ^}°^ 
(Sf )-b XH^-(31)°ll Sl*fl XI 1^^(35)^1 #3«Kn. ^3l°l*l ^(n)5l p> 

*M ^BKS fn )^ XI 1^^(35)51- iL>o^-(43Hl 

< 38 > 5. 4^- 5L 2^1 ^.^(43)# ^1*1 ^B}-^ ^ ^5,0]^. 

<39> #^>^ J±W(43)fe- i^H*l ^( n )^l *>*1^ ^3H*HH ^ 

<£XYQ ^(Va)-i- ^1<H ^Bl(S fn )S i-B^ #^*Rr XI 2<£^f(55)sK 
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^3M*1 ^( n )5f ^E(Sc)2] *H&(U ^ ^]<l>/*<l> 

*ih *h ^ *ii/^ <£^kd)^ ##*Kr *fl/* ^>#^- 

(57)^1-, ellolE^l tfl^ ^.^V ^(t)^ ^r#^H H lS tiL^(58) ^ «1 

— ^^-(58)5.^ cjMBj(t)# #^*Rr 7>^(59)« JL^t}-. 

<40> o)<%. £o) iL^-f-(43HH A 2<£^> J f (55)^- =±:3M*1 ^(n)^ n>^| 

^E](S fn )S i-Pf<H &(Si = Va / S fn )* 

<4i> ^1/^ ^^«.(5i)^ ^H*] ^(n)sq- ^(41)^ ^ ^ (Sc) 

4- til^H °>efl[^r^ 2]^- ^ ¥ ^ ^°lS(Df ^#^1, ^11 0)7] ^( n )^ 
^]<H ^S.tL( 41 )o] ^ ^(Sc)^- tiling ^l^/^V <3^-(D)# #^>5^i- 
rf. n>oi: ^ E flo]xl ^(n)7> 3.^ *H#(D1), iTll^ ^^(41)^ #^ SKScH 3.^ 
^(D2) <S^* -id^M 

<42> 2 ] 

L = |Sc -n| 

<43> A> # « ( 53)^ o>2fl 3]4 -3^(51)51^ ^o)^ 

<44> 3] 

L/2 = 2Q + R 
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7} *H*KD1) ^-71 2£4BK55)5.-?-Ej <^^€ &(Si)# 2G S v+ 

^(D2) <£^M: ^5.^ SV^ #7] *fl 2^^(55)S^-Ei og^^ #(Si)«l) 2 ^ 

<46> 4] 

So = Si XL/2^ C&ef, D = Dl <>1^) 
<47> So = Si >2« D = D2 °m) 

<48> h]e ji4K«(58)ir *H/<^ ^#^(57)3.^ 3He1(SoH1 tfl*H [*r«M 

3H M-H^1(R)7> lol o>q^ ( ##^(57)3.^3 HHbKSo)* =l 

tfls 7RK?-(59H #^*>£^- *Vt}. 

<49> ^ ^j/^ A> # «.(5 7)S «.B1 tfl°lB|(So)4| cfl^c^ 3H M-H]-\+ 

^^1(R)7> lol^ ^a>(D1) <3^b8: a>^^ a}2fl 5]s* A]/^ ^ 

#^-(57)51^ c«o1e](SoH ^ 1/2, 1/8, 1/16, 1/64-g- ^*}o} &(t 

= til, tl2, tl3, tl4)* 7RV-^(59H1 #§J*KE^- 

<50> [^Sf-^ 5] 

til = So xi/2 
<5i> tl2 = So xi/8 

<52> tl3 = So xi/16 

<53> tl4 = So xi/64 

<54> *fl/«£ A}#-^-(57)^^-Ei dHE-KSoHl tfl^ [^«H4 3]ofl M- 
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*1*](R)7> lol^Ai ^a>(D2) <2^-g- r>}5m*}& o>sfl 6]-4 ^o] *\)/<£ 

#^-(57)S^-E^ <a?m cflolEKSo)^ zj-zf 1, 1/4, 1/8, 1/32^ #(t = 

t21, t22, t23, t24)-8- 7KW59W #^*K£^- ^t\-. 
<55> 6] 

t21 = So 
<56> t22 = So xi/4 

<57> t23 = So xi/8 

<58> t 24 = So xi/32 

<59> 7 ].A>w.(59)^ d >2fl 7]3\- &o] Hi E ^^(58)^Ei 3MEl(t)«- 

oj^ a1^^-(33)^l <y^€ ^ MM « *H-g- ^3 4V#«H 
<60> [^«J-^i 7] 

t = til + tl2 + tl3 + tl4 
<6i> t = t21 + t22 + t23 + t24 

< 62 > £ 5^ S. 4^1 ^1/^ ^^«.( 5 i)oil tfl^- *fl/^ ^Uj 3}-^^ , 

^ #^(51)^ *3>§3 ^H*l ^(n)fil- i?ll^ SKSc)* 

(S61). tq-^-o.^. «W tfl^ «U= ^si a.71^- v) M ^^tKS63). ^ -g^€ 

^Eflol^l ^( n )7> iEL^ ^€ itM^l ^(nHH i^lU 3KSc)£ zKV^r & 

(L)# ^#*>J1 afl^KDl) <S^:* *>£^- ^3^=KS65). ^*<m ^3H*1 ^( n )7> 

2l-_oi3 ^5H1^ ^(Sc)ofl^i ^3Hxl ^(n)# ##^r #(L)-g- ^ 
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<+(D2) Q^Sr f>}^ ^^t\-(S67). 
<63> £ 6^r 5. 4Sl Tfl^ ^#^-(53 Hi tfl^ Tfl^r 5^1 ^ , ^ 

*i 3l^r ^#^(53)^ ^1<H ^(Sc)4 ^3M*1 ^(n)^ *H £( L ),g- 

°g^^^-(S71). tq-g-^S. SHSCD-a- 23 M-fe *(Q)3)- M-^^1(R)« ^>#W 

(S73). ol^Tfl -tV#€ «(Q)£ ^#^(57)5. #^3|-JL M-^^l(R)^ «1M 

^^(58)5. #^W(S75). 
<64> s. 7£r £. 43} *fl/^ ^#^-(57)^1 tfl^- *H/<£ a># ^"i" JEa] ^ ^3.^-5.3.*] , 

*H 2<a^(55)S^ ^olE-](Si)sq- Tfl^ ^>#^(53)^Ei §(Q) ^ 4/ 

* #^-¥-(51)^3 *fl/^ *m ^o1e-](D)1- ^^^^-(S81). 3HE-] 

(Si, Q, D)3.-f E} ^ll^(Dl) <£^> ^ <^1- ^t!:nf(S83). ^ ^1^>(D1) ^ 
2^^(55)^^ #3^ ^olBl(Si)^- 2Q^.S M-^ &(So)* ##^KS85). 
afl^KDl) A 2mt^(55)3^-B\ 3HEi(Si)<>fl 2^ # 

#(So)-g- ^#*b4(S87). 
<65> s. £ 4^1 w]S ^.^(58)^1 tfl^- «]h a]Jt ^ j^-g- 5L*m ^3^-5.3 

^ M-^^l(R) ^ *)l/^r <L>#^-(57)^El H]M ^1Jl(So)1- ^^^^(S91). 

#£.3. -t~E-| M^*1(R)7> l^l^l ^W(S93). ^^1(R)7V lol 

*ll/<£ ^>#^-(57)S^-Ei #^=1 h]e Al^(So)» ntflS #3tH=KS95). tb^ *4 

«1*|(R)7} lo] o>q^ *fl>£KDl) ^^^1^1 <^^-# ^t!:^(S97). ©lnfl *)1^KD1) 
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*11/^ -£#-¥-(57)3.^-61 h]h Al^(So)^] tfl*H til = So xi/2, tl2 = So x 

1/8, tl3 = So xi/16, tl4 = So xi/64» AA -ib#«H #^^(S98). SE^ ^(D2) 
^a>^- ^bs^>£S- flo.^ *)!/<£• a>^(57) S ^ wlH AlJUSoH tfl 

*H t21 = So, t22 = So xi/4, t23 = So xi/8, t24 = So x l/32# ZJ-zh # 
^ WCS99). 

<66> ols]^ <^cq sj.^ fs}c^ ^^^-(33)oll ^IJ^r tH^^W 

^-¥-(37)* *1M-^ ^S-Z\o] ^z\^ > tf^^o) ^a}o)1 cfl^V ^Ei(S f ) 
sj- iKScW 3*fl #3#-gr ^f-JLiM, <33 ^3]^-(33H ^1 

^, w]Ei-te)-o] <^a>^ AiJiS^-Bl ^V#t!: ^^11^ ^tfQ ^^1^ ^^H cfl-§-5l^ 

^ 35=1- ^ ^)<H 2:^1: -f-^H «U= 

4IJl^ #/#-& ^ ^7|m^o,i +X\Q &o) h1 e 

^Jro] ^-g- tflS *}^r ?H 7>^S>tf. ^S, <3<M 4Ul<>)| cfltb 

cf. neiq-, tf-g^ ^o|oj ^8^*1 o^^, ^ ^ 
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71-^1 ^}7} 7Hr# ^o]rf. 
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1] 

#<H1 ^ ^ ^H*}n>T} ^E^S^o] <£XY^ #<^Hr W^-fi^l ^Jf* 

#71 ^#^1 j-Jf^ og^^ zj. ^ z]]o]x]T2}r ^ ^e^^o] c^s} A]^ 

^ sl^sl ^3* ##*H #3*Kr ^1°^ 

^-71 i7ll«a ^#^-3L^E-j i^'g ^ ^ oil £fl-§-3^r 31^* ¥3 7> 

#71 ^TflU ^-71 ^JMMH <y^£ ?H1 n}-^ ^-71 

ol ^^^-S^-Ei Ai^sl a|i t #^*Kr ;# ^wltb ^ 

2] 

*ll 1^°11 

#^*Rr *ll l<£^-f ;» cl ^wl^ 3# ^ ^ iLoflSi=l<S «1S iL^> 

# ^tt ^ ^2l°fl ^ 
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[3^*8- 3] 

tHE^^o] <3#o} ^Eflo]^} ^o]] £^ ufl*}*l # 7 } #^ ^31^1 *1# 

€ #?1 <^ 3Z)U]^A]71JL, -8-71 itflol^^ p^jrO- ^EflolXI 

6\)X\ n\B\M.^o] ^$S)o] Aljr^ # 7 } «1 M J^JOjLofl ^ <H «- ; # C-J ^ 

«l^r 33-8: A^Rr £>H=nl«g #^ ^-g- jl4* ^elofl ^ 

#*1. 

4] 

#7l ^o] ^«.ofl aj-g-^- ^-f , 

-8-71 ^H^tt #7l J2.o)1^^^ «1M 8«]M^ <^^5]£^- 

#7l ^Tfl <a aj-g- 12«1S^ 33 ^8 *}±r SL 

°11 = i=1<3 #3 H]M Ji#-g- ^ ZL^ ^fsH #*l . 

5] 

4^1 5a<H>H , 

#71 ;£*H<3 i^l^ ^ ^-gr #71 til^#2l- 0 l til^^ol 8H11 

t ^lt t #71 tt^ «"^°1 ^rfl^ol 1024 °1 
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£ AS., 512 °1#°1^ 23. , 256 IS. il^S}^^* SL<^ZLt]<$ 

#^ alM a]^ ii^-i; -H^f ^fsH ^ #*1. 

6] 

^"71 7}^^ ^711^ 3#-^S^-E] ^ El ofl tfl-g-5) ^ 

7fl^# ^3 flo^ #7] iTim ^Ei7> 4 o]^ 47}, 2 0^3. 27} , 1 

^ 0^1 ?}£-M 7^1^^ o.S ^ 3^ a^io s ^ S.^*^ #3 H]M 

7] 

^ 1^1 5^*1, 

4>7i ^v«.^ ^-71 ^Ei#e}o] c^avo!] tfl^H ^€ ^h*i 

9}^E.^-S.^ as) *W ^"7) <^ tH^^l ^€ ^!JL£1 tilM^o. ^ 

#*}fe S}^- ^lst^^ #^ ^ iL#"g- ^ fl-BH 

8] 

#^ WlM^, ^"71 +Zl)o)7]o\)*) a>^^ u}-o] ^ 

*}^r 2<3#^-; 

#71 ^€ ^lol^l ^2} >5J-71 #3&-§- ti]iE^H 
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^7> =1^ *ll# ( #71 ^?)1^ Tjl^Y^l <£#* #3*Rr 

*fl/^ 

#7i A/^ ^^s^i #7i ^>oi^ 2S. M-^ ^(Q)-*h q-*1*l(R)# # 

#^Rr 31^ ##Jf ; 

#^-s^-Bl sM- 2 e s q-^ji, ^# a>}^ is}^ #71 2^#^s^-Bl 

^n^. m 20 Sr %^}sm ^ ^1/^ 

#71 A]/^ cflolE^ ^ #71 Tfl^ ##^fS.^-Ei OJ^^ 

(RH ^ #71 *fl/^ ##-¥-5.-^ <gs^ ^ uiM# sl#sh #3*Br 

#71 0]M ^#«-5.«-El CllolEl# t#^H #^Kr 7V#^-;l- £ 

-i: «Hr ^oflirdog ^ HIM ^IJl ^.#^r 5]*V 3L4f fl-sH ^ ^-^] . 

9] 

#71 tilE J£#«-^ #71 i?)l^ ^Eflol^^o^ ^Ol^f 2 

SL M-fe T4^^1(R)7> lol o>q^ ; #71 *fl/^ ##^-^E-l ZLCflS # 

7] 7 >#^-o|l ^ ^ ^ ^oflH^ #3 HIS #^ J±#-i- 3 
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13^8- 101 

XI 8*8-*H 91°]*], 

^7} w]S #7] M-^^1(R)7> lol^Ai ^W5L-it^ <#7] 

tft^^l ^ 1/2, 1/8, 1/16, 1/64-g- ^Ift 

11] 

*fl 8^1 

#7] il^fe- ^-71 l4^^1(R)7> l^l^ §^ ^WH^'S ^"71 *)1/^ 
^>#-f-S^-Bl cflolE^l zj-z]- i, 1/4, 1/8, 1/32-g- #7l 7>^r 

-^l #^t?K£^- ^ ^ ii^<?J #^ WIS ^J: J£^h8r ^tb -H^if 

[3^8- 12] 

XI 8*J-^1 &<>H, 

A <M 7>^^ ^"71 WIS ^^-S^-El Vll7ll^ ^7} 

^ -*1Jls] wls# Ji^}^ t^A^tfe _£.°11^<3 #^ «1S IIsl Jl-JM: 
[33^ 13] 

°tl^ ^1^ ^Bls M-^r^ #3sKr *ll i<3^3l; 
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*H #3*Rr ^^#^^1 ^r*3 #31; 

<g?l€ zj- ^Eflo]^p>nl- tfn^-g-eM <£#si Ai^cq wlJ=#-g- # 7 j *i\s£\ &7)) 

o] ^Ei# ##*Kr 3# #31; 

#7] ^ #31 Ml^l 7>£J= #31* ^€ iEflo]^ 7 > ^nfl^l 3t| 

#71 ^l«g 3# ^ #71 ^711^ ?>^E ^Eflol^]^ 
n^m- >^°1*H*1 «13#«H ## #^Rr J£# #31 !« ^ 

«l*t 3^ ^ .2.^1^^ tijM ^IJL iL#-§- Jl^p ^Slofl w o > 

14] 

all 13^1 

#7l iTim ^##31^^ #71 ^ Jl^^H ^^#5l-ol <£# 

* 4^^: ^ SiH^-, ^ ^1x^1 ulE^f #71 i?H<a *}b|3. q-^ol & 

* #^>5L-^ *}£r l<3# #31;» cl ^13: 3# ^8£-S ^ J2.°fl5Li^ #^ 
WIS a] Jr. ^.#^ -H^f fi-BH . 
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15] 

^7) A +no]*}v\t\ BlE^eH ^^S^ #^ Aisil- #^ «1 

tf|E^e|-ol c^oll tfl*}- iEflo]xl ^ofl ^%l§77}*) ^7} #^ tf^ ^Tfl 

31 ;» 3 ^wltb 3}^- ^^^S^ ^l=tq<^ a] 5i -H^f ^ 

<H1 ^ . 

16] 

*fl 15^1 SS^i, 

<^/#3 *)H #7lHlAiir ^"71 ^ Wl3| J^lHT^ «1 ^ ^Jr-i- 8*1 

e^o cy^^s. ^ ^-71 iTfl^ 3# #31^ aj-g- 12*1 MS ii^KE.^- *>fe 

3# ^-^ _£.ofl^c]oi A] J: 3L4j- ^zJ\o\] ^ w o >^ . 
17] 

^11 i6^i sa°H, 

^■71 ^ #71 <£a>^ H ]E^ol 8 «1 S# ^ $1 

^-71 u^^^H w]e aijto} ^cfl^oi 1024 ol#°HS 45., 512 
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6 1#°H3 23., 256 IS. ^^H^ ^J-i: ^ O.S. ^ 3»l5.i=l<S #^ H]M ^]Jr 

18] 

17^1 91°]*], 

#7l ?}£J= ^n}<£ ^B]o)] tfl-g-S^ Tfl^-t- ¥3 7> 

o.H^c-fl Si^H #7l ^^1^ ^7} 4<>1^ 47} , 2^1^ 27} , lo]Tg 0*1 ^-g^^ *} 
^ 7 A-=r ^SLS, SLO\)S.-c]<$ #^ aJJt <^ ^ ^ wj-ig. 

m^ty 19] 

#71 J±# #31^ #7] «lBl#Bl-ol o^Al-ofl tflS}^ £ iEflo]^ ^<2} f ^ 

^ ^Tfl^^-Ei $2) x}o) nV-g- ^7} ^-TlHl AlS^l 

Ji#S}^r ^^^S <B}^ -Mi^ #^ «1M #^ i## ^ JL^r 

el oil wj-^. 

[^^J- 20] 

711 19^1 &<>H, 

#7l 3H) J±# ^1^ #7l ^H*!^ ^nj. ^Eflol^oflA-1 t^E^ef-o] 

^#£lcH <gs^ Ais^l wlM^-gr, #7l pWh)- ^uflolxHlAl A|-^S} ^fcj 14 

#71 ^3H*1 ^<2} ^>7l ^n<U ?}^J=&# *><>l?Jt-ar ##^0!, 

#71 iEfl o]*j^<2}. >^7l ^1<H ?bgrJ=3M- WlHsr>^ #71 ^Eflol^ ^7} =Hg *ll#, # 
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71 7}£K&o) EL*1 ^ #3j*>:E^ *Hfr afl/^ ^ #7fl ; 

* ##*H #3*Hr 31 <r ^##31; 

^IJL^l «1 2£? 5L 4ri, ^r#^ 

#■§■ #3*1-51-^ *>*r *11/<£ ^# #31; 

^-71 *HA£ ^ #7] q-^^KR)^ oj-e^- #7] ;*H/<£ 

^ #^§>s^- ^ «1M #31; 

HHeI-i- ^>*H #?^Hr cfloiE^ 7>^> #31;« ?ASr 

21] 

*ll 20^1 9X^^], 

^7} W]E ^ l&7j|6j)^ l4^^1(R)7> lol o>u|t3 # 7 ] *H/«£ #31^. 

^ #3€ 3M- rLcflS. «M<5>JE-i=- *m 3^ 4^—^- .2X1 =3*3 HIM <0 

22] 

*11 20*jXl 9X°]^\, 

^•71 i£# #3HH^ #7] T4r.l^(R)7> lol^l aflXV <gA>^ ^^-ij.^Tg 

^-71 *fl/^ ^lsL^E-] z}-7\ 1/2, 1/8, 1/16, 1/64^8: -g^H #^*> 
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*>Tr 3# mi<L3- ^ ^^1H^<3 Ajjr j^-g- ^^ol] i£ 

23] 

*a 20^] sa^i, 

^71 A/^r #7flJL^-&| gtofl zl-z}- i, 1/4, 1/8, 1/32-i- §«H #^KE-i=- 

24] 

afl 20*^1 

^"71 CflojE^ 7R> ^TjHH^ #7} ^ ^lsL^ ^ «g ^ #-g- 

^Kl^H #7] ^lS^l ^e>£^- ^ ^-^^.S.^ ^.ol] nc]^ #^ 
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